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(57) ABSTRACT 

A system and method may be con?gured to support the 
evaluation of the economic impact of uncertainties associ 
ated With the planning of a petroleum production project, 
e.g., uncertainties associated With decisions having multiple 
possible outcomes and uncertainties associated With uncon 
trollable parameters such as rock properties, oil prices, etc. 
The system and method involve receiving user input char 
acteriZing the uncertainty of planning variables and perform 
ing an iterative simulation that computes the economic 
return for various possible instantiations of the set of plan 
ning variables based on the uncertainty characterization. The 
system and method may (a) utiliZe and integrate highly 
rigorous physical reservoir, Well, production ?oW, and eco 
nomic models, and (b) provide a mechanism for specifying 
constraints on the planning variables. Furthermore, the sys 
tem and method may provide a case manager process for 
managing multiple cases and associated “experimental runs” 
on the cases. 
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METHOD AND SYSTEM FOR SCENARIO AND 
CASE DECISION MANAGEMENT 

CONTINUATION DATA 

[0001] This application claims the bene?t of priority of 
US. Provisional Application No. 60/466,621, ?led on Apr. 
30, 2003, entitled “Method and System for Scenario and 
Case Decision Management”, invented by Cullick, Naray 
anan and Wilson, Which is hereby incorporated by reference 
in its entirety as though fully and complete set forth herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to the ?eld of 
petroleum reservoir exploitation, and more particularly, to a 
system and method for evaluating decision alternatives for a 
producing prospect or ?eld. 

[0004] 2. Description of the Related Art 

[0005] A petroleum production system may include a 
petroleum reservoir, a set of Wells connected to the reservoir 
(or a set of reservoirs), and a set of facilities connected to the 
Wells. The set of Wells includes one or more production 
Wells, and optionally, one or more injection Wells. Each Well 
has an associated path through space that extends from an 
initial location on the surface of the earth (or ocean) to a 
target location in the reservoir. The trajectory of (i.e., the 
locus of points that reside on) this path is referred to herein 
as the Well plan. Each Well may be perforated at one or more 
locations on its Well plan to increase the connectivity of the 
Well into the reservoir. 

[0006] The output of the petroleum production system 
depends on its inputs, initial conditions, and operating 
constraints. The output of the petroleum production system 
may be described in terms of production pro?les of oil, gas 
and Water for each of the production Wells. Initial conditions 
on the reservoir may include initial saturations and pressures 
of oil, gas and Water. Inputs may include pro?les of ?uid 
(e.g., Water or gas) injection at the injection Wells, and 
pro?les of pumping effort exerted at the production Wells. 
Operating constraints may include constraints on the maxi 
mum production rates of oil, gas and Water per Well (or per 
facility). The maximum production rates may vary as a 
function of time. Operating constraints may also include 
maximum and/or minimum pressures at the Wells or facili 
ties. 

[0007] The establishment of the Wells and facilities of the 
petroleum production system involves a series of capital 
investments. The establishment of a Well may involve 
investments to drill, perforate and complete the Well. The 
establishment of a facility may involve a collection of 
processes such as engineering design, detailed design, con 
struction, transportation, installation, conformance testing, 
etc. Thus, each facility has a capital investment pro?le that 
is determined in part by the time duration and complexity of 
the various establishment processes. 

[0008] A commercial entity operating the petroleum pro 
duction system may sell the oil and gas liberated from the 
reservoir to generate a revenue stream. The revenue stream 
depends on the total production rates of oil and gas from the 
reservoir and the market prices of oil and gas respectively. 
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The commercial entity may operate its assets (e. g., Wells and 
facilities) under a set of ?scal regimes that determine tax 
rates, royalty rates, pro?t-sharing percentages, oWnership 
percentages (e.g., equity interests), etc. Examples of ?scal 
regimes include production sharing contracts, joint venture 
agreements, and government tax regimes. 

[0009] A person planning a petroleum production enter 
prise With respect to a set of reservoirs may use a reservoir 
simulator (such as the VIP simulator produced by Landmark 
Graphics Corporation) to predict the oil, gas and Water 
production pro?les of a petroleum production system. The 
reservoir simulator may be supplied With descriptions of the 
system components (reservoirs, Wells, facilities and their 
structure of inter-connectivity) and descriptions of the sys 
tem inputs, initial conditions and operating constraints. 

[0010] Furthermore, said person may use an economic 
computation engine (e.g., an economic computation engine 
implemented in Excel or a similar spreadsheet application) 
to compute return as a function of time and/or net present 
value. The economic computation engine may be supplied 
With: (a) a schedule specifying dates and costs associated 
With the establishment of each facility, and dates and costs 
associated With the establishment of each Well (especially, 
production start dates associated With each Well); (b) ?scal 
input data (such as in?ation rates, tax rates, royalty rates, oil 
and gas prices over time, operating expenses); and (c) the 
production pro?les of oil, gas and Water predicted by the 
reservoir simulator. 

[0011] The problem With this planning approach is that 
many of the input parameters supplied to the reservoir 
simulator and the economic computation engine are uncer 
tain. It is dif?cult to knoW precisely the rock porosity ?eld, 
or initial saturations of oil, gas and Water in the reservoir. It 
is perhaps impossible to knoW exactly hoW long it Will take 
or hoW much it Will cost to drill, perforate and complete each 
Well, or to establish each facility. Oil and gas prices are 
dif?cult to predict as are tax rates. Thus, a single run of the 
reservoir simulator and economic computation engine gives 
said person no idea of hoW the uncertainty in the input 
parameters is likely to affect his/her return on investment or 
net present pro?t value. 

[0012] Each input parameter may be categoriZed as either 
a controllable parameter or an uncontrollable parameter. 
Controllable parameters are parameters subject to the con 
trol of the designer, constructor or operator of the petroleum 
production system. Controllable parameters include param 
eters such as the number of Wells, the number of facilities, 
the siZe of facilities, the locations of Wells, and the Well 
plans. Uncontrollable parameters are parameters that are not 
subject to the control of the designer, constructor or operator 
of the petroleum production system. Uncontrollable param 
eters include parameters such as oil and gas prices, rock 
permeability and initial saturations of oil and gas. Said 
person planning the petroleum production enterprise is faced 
With the daunting task of selecting values for the control 
lable parameters that Will maximiZe average pro?t and 
minimiZe uncertainty in pro?t in vieW of the uncertainty in 
each of the uncontrollable parameters. Thus, there exists a 
need for a computational system and method capable of 
improving this selection process and capable of providing 
the enterprise planner With better information as to the 
effects of parameter uncertainties on economic returns. 
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SUMMARY 

[0013] In one set of embodiments, a computational system 
and method may be con?gured to provide support for the 
evaluation of the economic impact of uncertainties associ 
ated With a petroleum production project, e.g., uncertainties 
associated With controllable parameters and uncontrollable 
parameters. The computational method may include: 

[0014] (a) receiving user input characterizing prob 
ability distributions for planning variables associated 
With a set of models; 

[0015] (b) generating instantiated values of the plan 
ning variables; 

[0016] (c) assembling one or more input data sets for 
one or more simulation engines from the set of 
models and the instantiated values; 

[0017] (d) executing the one or more simulation 
engines on one or more input data sets; 

[0018] (e) storing the instantiated values of the plan 
ning variables and data output from the one or more 
simulation engines to a storage medium. 

[0019] Furthermore, operations (b), (c), (d) and (e) may be 
performed a number of times until a termination condition is 
achieved. Steps (b), (c), (d) and (e) are collectively referred 
to as the “iteration loop”. 

[0020] In some embodiments, the storing step (e) may be 
performed by a process separate from the computational 
method. Thus, in these embodiments, the computational 
method does not itself include the storing step (e), but makes 
the instantiated values and the data output (of the simulation 
engines) available to the separate process. 

[0021] A reservoir model scaling engine may be executed 
inside the iteration loop or prior to the iteration loop. The 
scaling engine may serve to scale one or more geocellular 
reservoir models in the set of models to a loWer target 
resolution. A schedule resolver program may be executed 
inside the iteration loop to generate instantiated schedule 
from a ?rst subset of the set of models and a ?rst subset of 
the instantiated values. A Well perforator program may also 
be executed inside the iteration loop. The Well perforator 
program may compute perforation locations along Well 
plans determined by a second subset of the set of models and 
a second subset of the instantiated values. 

[0022] A case includes a set of models and data charac 
teriZing probability distributions for planning variables asso 
ciated With the set of models or representing choices among 
alternative ones of the models. Over time, a user or set of 
users may assemble a number of cases and execute the 
computational method multiple times on each case With 
different sets of execution constraints. Thus, in some 
embodiments, a case manager method for organiZing cases 
and variations of cases may include the steps of: 

[0023] (a) reading cases and models included in the 
cases from a storage medium; 

[0024] (b) displaying the names of the cases and the 
included models to the user; 

[0025] (c) providing a user interface Which alloWs 
user interaction With the cases and the included 
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models, Wherein the user interaction includes one or 
more of deleting cases, editing cases, copying cases 
and creating neW cases; 

[0026] (d) saving neW and modi?ed cases and corre 
sponding included models to the storage medium; 
and 

[0027] (e) loading the cases and the corresponding 
included models into memory. 

[0028] The models are models representing components 
of a value chain (e.g., a petroleum production value chain). 
The case manager method removes cases and models that 
have been marked for deletion by said user interaction from 
the storage medium. The loading step (e) includes loading 
the cases and the corresponding included models into the 
memory in an organiZed form suitable for access by a 
Work?oW manager process. The Work?oW manager process 
may be con?gured to read any subset of the loaded cases and 
the corresponding included models, and to assemble input 
data sets for one or more simulation engines using instan 
tiated values of the planning variables and the loaded cases 
and the corresponding included models. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Abetter understanding of the present invention can 
be obtained When the folloWing detailed description is 
considered in conjunction With the folloWing draWings, in 
Which: 

[0030] FIG. 1 illustrates one embodiment of a computa 
tional method operating in a Monte Carlo mode; 

[0031] FIG. 2 illustrates another embodiment of the com 
putational method operating in a discrete combinations 
mode; 
[0032] FIG. 3 illustrates yet another embodiment of the 
computational method operating in a sensitivity analysis 
mode; 

[0033] FIG. 4 illustrates one embodiment of a computer 
system operable to perform the computational method; 

[0034] FIG. 5 illustrates one embodiment of a schedule 
manager interface through Which a user may vieW summary 
information about existing schedule, and delete schedules; 

[0035] FIG. 6 illustrates one embodiment of a schedule 
assigner interface through Which a user may assign Wells 
and/or facilities to schedules; 

[0036] FIG. 7 illustrates one embodiment of a dialog for 
adding a set of selected Wells and/or facilities to an existing 
schedule or to a schedule to be neWly created; 

[0037] FIG. 8 illustrates one embodiment of a schedule 
generator interface through Which the user may specify 
various parameters associated With a schedule, and/or, 
parameters associated With the inter-schedule dependencies; 

[0038] FIG. 9 illustrates a graphical method for illustrat 
ing the topology of the global schedule in terms of its 
component schedules and inter-schedule delays; and 

[0039] FIG. 10 illustrates one embodiment of a method 
for simulating the effects of uncertainty in planning vari 
ables; 
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[0040] FIG. 11 illustrates one set of embodiments of case 
manager that manages a plurality of cases and their corre 
sponding execution data sets; 

[0041] FIG. 12 illustrates one embodiment of a main 
screen of the case manager; and 

[0042] FIG. 13 illustrates one embodiment of a graphical 
interface illustrating such parent-child relationships betWeen 
cases. 

[0043] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof are shoWn by Way of example in the draWings and 
Will herein be described in detail. It should be understood, 
hoWever, that the draWings and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within 
the spirit and scope of the present invention as de?ned by the 
appended claims. Note, the headings are for organiZational 
purposes only and are not meant to be used to limit or 
interpret the description or claims. Furthermore, note that 
the Word “may” is used throughout this application in a 
permissive sense (i.e., having the potential to, being able to), 
not a mandatory sense (i.e., must).” The term “include”, and 
derivations thereof, mean “including, but not limited to”. 
The term “connected” means “directly or indirectly con 
nected”, and the term “coupled” means “directly or indi 
rectly connected”. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0044] There are many uncertainties associated With the 
planning of a petroleum production project. Many physical 
parameters such as rock permeability, initial ?uid pressures 
and initial saturations are knoWn only to Within ranges of 
values. Often economic parameters such as future tax rates, 
royalty rates and in?ation rates are dif?cult to predict With 
accuracy. Many decisions involved in the planning process 
may have multiple alternative choices (or options or sce 
narios). For example, a geophysical analysis of a given 
reservoir may produce a collection of alternative geocellular 
reservoir models representing different sets of physical 
assumptions. It is dif?cult to knoW Which set of physical 
assumptions is most valid. Similarly, there may be uncer 
tainty associated With choices of Well placement, drainage 
strategy (With or Without injection), scheduling of drilling 
operations, etc. 

[0045] In one set of embodiments, a computational 
method for computing and displaying the economic impact 
of uncertainties associated With the planning of a petroleum 
production project may be arranged as indicated in FIG. 1. 
The computational method may be implemented by the 
execution of program code on a processor (or a set of one or 
more processors). Thus, the computational method Will be 
described in terms of actions taken by the processor (or set 
of processors) in response to execution of the program code. 
The processor is part of a computer system including a 
memory system, input devices and output devices. 

[0046] The computational method operates on planning 
variables. Planning variables may include both controllable 
parameters and uncontrollable parameters as de?ned above 
in the related art section. For example, reservoir physical 

Nov. 4, 2004 

characteristics, oil prices, in?ations rates are uncontrollable 
parameters, and injection rates for Wells are typically con 
trollable parameters. A planning variable that is a control 
lable parameter is referred to herein as a decision variable. 

[0047] In step 105, the processor may provide a system of 
one or more graphical user interfaces FG through Which the 
user may de?ne the uncertainty associated With each plan 
ning variable. The user may de?ne the uncertainty of a 
planning variable X in a number of Ways. For example, the 
user may select a probability density function (PDF) from a 
displayed list of standard probability density functions, and 
enter PDF characteriZing values for the selected PDF. The 
nature of the PDF characteriZing values may depend on the 
selected PDF. A normal PDF may be characteriZed by its 
mean and standard deviation. Auniform PDF de?ned on the 
interval [A,B] is more easily characteriZed in terms of the 
values A and B. A triangular density function de?ned on the 
interval [A,B] With maximum at X=C is more easily char 
acteriZed in terms of the values A, B and C. The list of 
standard PDFs may include PDFs for normal, log normal, 
uniform and triangular random variables. 

[0048] As an alternative, the user may de?ne the uncer 
tainty of a planning variable X by specifying a histogram for 
the parameter X. In particular, the user may specify values 
A and B de?ning an interval [A,B] of the real line, a number 
Nc of subintervals of the interval [A,B], and a list of Nc cell 
population values. Each cell population value may corre 
spond to one of the Nc subintervals of the interval [A,B]. 

[0049] As yet another alternative, the user may de?ne the 
uncertainty of a planning variable X by specifying a ?nite 
list of values X1, X2, X3, . . . , XN attainable by the parameter 
X and a corresponding list of positive values V1, V2, V3, . 
. . , VN. The processor may compute a sum SV of the values 

V1, V2, V3, . . . , VN, and generate probability values P1, P2, 
P3, . . . , PN according to the relation PK=VK/SV. The 
probability PK is interpreted as the probability that X=XK. A 
parameter that is constrained to take values in a ?nite set is 
referred to herein as a discrete parameter. 

[0050] As yet another alternative, the user may de?ne the 
uncertainty of a planning variable X by specifying a ?nite set 
of realiZations R1, R2, R3, . . . , RN for the planning variable. 
For example, the user may specify a ?nite list of geocellular 
reservoir models by entering their ?le names. The user may 
de?ne the uncertainty associated With the planning variable 
X by entering a set of positive Weights V1, V2, V3, . . . , VN. 
The processor may compute a sum SV of the Weights V1, V2, 
V3, . . . , VN, and generate probability values P1, P2, P3, . . 

. , PN according to the relation PK=VK/SV. The probability 
PK is interpreted as the probability that X=RK. The realiZa 
tions of the planning variable may also be referred to herein 
as “options” or “scenarios” or “outcomes”. 

[0051] The planning variables may be interpreted as ran 
dom variables by virtue of the user-speci?ed PDFs and/or 
discrete sets of probability values associated With them. As 
suggested by the examples above, each planning variable X 
has an associated space SX in Which it may take values. The 
space SX may be a discrete set of values, the entire real line, 
or an interval of the real line (e.g., a ?nite interval or a 

half-in?nite interval), or a subset of an NX-dimensional 
space, Where NX is a positive integer. The space SX may be 
de?ned by the user. Let GP represent the global parameter 
space de?ned by the Cartesian product of the spaces SX 
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corresponding to the planning variables. The processor may 
enact a Monte Carlo simulation by performing steps 110 
through 170 (to be described below) repeatedly until a 
termination condition is achieved. The Monte Carlo simu 
lation randomly explores the global parameter space GP. 

[0052] In some embodiments, the graphical user interfaces 
FG may alloW the user to supply correlation information. The 
correlation information may specify the cross correlation 
betWeen pairs of the planning variables. 

[0053] In step 108, the processor may initialiZe an itera 
tion count NI. For example, the iteration count NI may be 
initialiZed to Zero. 

[0054] In step 110, the processor may randomly generate 
an instantiated value for each planning variable X based on 
its corresponding PDF or discrete set of probabilities. In 
other Words, the processor randomly selects a value for the 
planning variable X from its space SX based on the corre 
sponding PDF or discrete set of probabilities. In those 
embodiments Where correlation information is collected, the 
instantiated values are generated in a manner that respects 
the speci?ed cross correlations betWeen planning variables. 

[0055] To generate an instantiated value for a planning 
variable X, the processor may execute a random number 
algorithm to determine a random number 0t in the closed 
interval [0,1], and compute a quantile of order a based on the 
PDF and/or the discrete set of probabilities corresponding to 
the planning variable X. The computed quantile is taken to 
be the instantiated value for the planning variable X. The 
process of generating the quantile for a planning variable X 
based on the randomly generated number 0t is called random 
instantiation. 

[0056] A quantile of order 0t for a random variable X is a 
value Q in the space SX satisfying the constraints: 

Probability(X§ Q) got and 

Probability(X§ Q) E 1-(1. 

[0057] For a random variable having a continuous cumu 
lative probability distribution, the quantile constraints may 
simplify to the single constraint: 

Probability(X§Q)=a 

[0058] Recall that the realiZations R1, R2, . . . , RN of a 
planning variable are not required to be numeric values. 
Thus, to carry out the instantiation procedure described 
above, the processor may interpret the probabilities P1, P2, 
. . . , PN of the planning variable as the probabilities of a 

discrete random variable Y on the set SY={1, 2, . . . , N} or 

any set of N distinct numerical values. The processor 
randomly generates an instantiated value J of the discrete 
variable Y. The instantiated value J determines the selection 
of realiZation RJ for the planning variable. 

[0059] In step 115, the processor may assemble or gener 
ate a set MGR of geocellular reservoir models (e.g., a set of 
geocellular reservoir models determined by one or more of 
the instantiated values). 

[0060] In step 116, the processor may operate on one or 
more of the geocellular reservoir models of the set MGR in 
order to generate one or more neW geocellular reservoir 
models scaled through a process of coarsening to a loWer, 
target resolution (or set of target resolutions). These neW 
geocellular models may be used as input to the reservoir 
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How simulator instead of the corresponding models of the 
set MGR. The coarsening process may be used to scale 
geocellular models doWn to a loWer resolution to decrease 
the execution time per iteration of the iteration loop. 

[0061] In one alternative embodiment, the scaling of geo 
cellular reservoir models to a target resolution (or set of 
target resolutions) may occur prior to execution of the 
iteration loop, i.e., prior to instantiation step 110. In this 
alternative embodiment, step 116 as described above may be 
omitted and step 115 may be reinterpreted as an assembly of 
the scaled geocellular reservoir models. 

[0062] In step 120, the processor may assemble an input 
data set DF for a reservoir ?oW simulator using a ?rst subset 
of the collection of instantiated values, and assemble an 
input data set DE for an economic computation engine using 
a second subset of the collection of instantiated values. The 
?rst and second subsets are not necessarily disjoint. The 
instantiated values may be used in various Ways to perform 
the assembly of the input data sets. For example, some of the 
instantiated values may be directly incorporated into one or 
both of the input data sets. (Recall that an instantiated value 
of a planning variable may be a data structure, e.g., a 
geocellular reservoir model, a reservoir characteristics 
model, a set of Well plans, etc.). Others of the instantiated 
values may not be directly incorporated, but may be used to 
compute input values that are directly incorporated into one 
or both of the input data sets. 

[0063] In step 130, the processor may supply Well plan 
information per Well to a Well perforator and invoke execu 
tion of the Well perforator. The Well perforator may compute 
one or more perforation locations along each Well plan. The 
Well perforation locations per Well may be appended to the 
input data set DF. 

[0064] In step 140, the processor may supply instantiated 
values for parameters such as (a) Well drilling time, Well 
perforation time, Well completion time per Well or group of 
Wells and (b) facility establishment time per facility to a 
schedule resolver, and invoke execution of a schedule 
resolver. The schedule resolver computes schedules de?ning 
signi?cant dates such as production start date per Well, 
drilling start date and end date per Well, completion start 
date and end date per Well, start and end dates of facility 
establishment per facility, and so on. The schedules may be 
appended to the input data set DF and the input data set DE. 

[0065] In step 150, the processor may supply the input 
data set DF to the reservoir ?oW simulator and invoke 
execution of the reservoir ?oW simulator. The reservoir ?oW 
simulator may generate production pro?les of oil, gas and 
Water for Wells and/or facilities de?ned by the input data set 
DF. The reservoir ?oW simulator may have any of various 
forms, including but not limited to a ?nite difference simu 
lator, a material balance simulator, or a streamline simulator. 

[0066] In step 160, the processor may supply the produc 
tion pro?les (generated by the reservoir simulator) and the 
input data set DE to the economic computation engine. The 
economic computation engine computes economic output 
data based on the production pro?les and the input data set 
DE. The economic output data may include a stream of 
investments and returns over time. The economic output 
data may also include a net present pro?t value summariZing 
the present effect of the stream of investments and returns. 
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[0067] In step 170, the processor may store (or command 
the storage of) an iteration data set including (a) the collec 
tion of instantiated values generated in step 110, (b) the 
production pro?les generated by the reservoir ?oW simula 
tor, and (c) the economic output data onto a memory 
medium (e.g., a memory medium such as magnetic disk, 
magnetic tape, bubble memory, semiconductor RAM, or any 
combination thereof). The iteration data set may be stored in 
a format usable by a relational database such as Open 
DataBase Connectivity (ODBC) format or Java DataBase 
Connectivity (JDBC) format. 

[0068] In step 180, the processor may determine if the 
iteration count N1 is less than an iteration limit NMAX. The 
user may specify the iteration limit NM AX during a prelimi 
nary setup phase. If the iteration count N1 is less than the 
iteration limit, the processor may continue With step 185. In 
step 185, the processor may increment the iteration count 
N1. After step 185, the processor may return to step 110 for 
another iteration of steps 110 through 170. 

[0069] If the iteration count N1 is not less than the iteration 
limit, the processor may continue With step 190. In step 190, 
the processor may perform computations on the iteration 
data sets stored in the memory medium, and display the 
results of said computations. For example, the processor 
may compute and display a histogram of net present value. 
As another example, the processor may display a collection 
of graphs, each graph representing economic return versus 
time for a corresponding iteration of steps 110 through 170. 
The collection of graphs may be superimposed in a common 
WindoW for ease of comparison. 

[0070] After the computational method has concluded, the 
user may invoke a relational database program to perform 
analysis of the iteration data sets that have been stored on the 
memory medium. 

[0071] In one alternative embodiment of step 180, the 
processor may perform a test on the time TE (e.g., clock time 
or execution time) elapsed from the start of the computa 
tional method instead of a test on number of iterations. The 
processor may determine if the elapsed time TE is less than 
(or less than or equal to) a limit TM AX. The limit TM AX may 
be speci?ed by the user. In this alternative embodiment, step 
108 may include the act of reading of an initial timestamp TO 
from a system clock. In step 180, the processor may read a 
current time Tc from the system clock, compute the elapsed 
time TE according the relation TE=TC—TO, and compare the 
elapsed time TE to the time limit TM AX. 

[0072] The computational method as illustrated in FIG. 1 
performs stochastic sampling (i.e., random instantiation) of 
planning variables, and thus, enacts a Monte Carlo simula 
tion. There are a number of different methods for performing 
the stochastic sampling, and thus, other embodiments of the 
computational method are contemplated Which use these 
different stochastic sampling methods. For example, in one 
embodiment, the computational method uses Latin Hyper 
cube sampling 

[0073] Latin Hypercube sampling may be used to obtain 
samples of a random vector E=[E1, E2, . . . , En]. Let N be the 
siZe of the population of samples. The range of each random 
variable Ek may be divided into N non-overlapping intervals 
having equal probability mass 1/N according to the prob 
ability distribution for variable Ek. A realiZation for variable 
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Ek may be randomly selected from each interval based on the 
probability distribution of variable Ek in that interval. The N 
realiZations of variable E1 are randomly paired With the N 
realiZations of E2 in a one-to-one fashion to form N pairs. 
The N pairs are randomly associated With the N realiZations 
of E3 in a one-to-one fashion to form N triplets. This process 
continues until N n-tuples are obtained. The n-tuples are 
samples of the random vector E. 

[0074] Additional information on Latin Hypercube sam 
pling may be found in the folloWing references: 

[0075] (1) “Controlling Correlations in Latin Hyper 
cube Samples”, B. OWen, Journal of the American 
Statistical Association, volume 89, no. 428, pp1157 
1522, December 1994; 

[0076] (2) “Large Sample Properties of Simulations 
using Latin Hypercube Sampling”, M. Stein, Tech 
nometrics, volume 29, no 2, pp143-151, May 1987. 

[0077] These references are hereby incorporated by refer 
ence in their entirety. 

[0078] In some embodiments, the computational method 
is con?gured to operate in a number of alternative modes. 
The user may select the operational mode. In the Monte 
Carlo mode (described above in connection With FIG. 1), 
the processor randomly generates vectors in the global 
parameter space GP. In a “discrete combinations” mode, the 
user de?nes a ?nite set of attainable values for each planning 
variable, and the processor exhaustively explores the Car 
tesian product of the ?nite sets. In a “sensitivity analysis” 
mode, the user de?nes a ?nite set of attainable values for 
each planning variable, and the processor explores along 
linear paths passing through a user-de?ned base vector in the 
Cartesian product, each linear path corresponding to the 
variation of one of the planning variables. Thus, the sensi 
tivity analysis mode alloWs the user to determine Which 
planning variable has the most in?uence on net present value 
and/or economic return. 

[0079] FIG. 2 illustrates one set of embodiments of the 
computational method operating in the discrete combina 
tions mode. 

[0080] In step 205, the processor may provide a system of 
one or more graphical user interfaces through Which the user 

may de?ne a ?nite set of attainable values (or realiZations) 
for each planning variable. Let X1, X2, X3, . . . , XM denote 
the planning variables. After having performed step 205, 
each planning variable XJ Will have been assigned a ?nite set 
SXJ of attainable values. (Recall that attainable values may 
be numeric values, or sets of numeric values or data struc 

tures.) 
[0081] Let Pc denote the Cartesian product of the ?nite 
sets SXJ for J=1, 2, . . . , M. Let LJ denote the siZe (number 
of elements) in ?nite set SXJ. Thus, the Cartesian product Pc 
has siZe NDc=L1*L2* . . . *LM. An element of the Cartesian 

product is a vector of the form (x1, x2, . . . , xM), Where xJ 
is an attainable value of the planning variable X]. 

[0082] The user may specify the ?nite set SXJ of attainable 
values for a planning variable XJ by entering the values of 
the ?nite set SXJ through a keyboard or numeric keypad. 

[0083] As an alternative, the user may specify the ?nite set 
SXJ of attainable values for the planning variable XJ to be a 
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set of quantiles QTl, QT2, . . . , QTL of a PDF by selecting 
the PDF from a displayed list of standard PDFs, and entering 
the numbers T1, T2, . . . , TL, e.g., numbers in the interval 

[0,100]. The notation QT denotes the quantile of order T/ 100 
derived from the selected PDF. The numbers T1, T2, . . . , 

TL are referred to herein as quantile speci?ers. For example, 
the user may select a normal PDF and enter the quantile 
speci?ers 15, 50 and 85 to de?ne the ?nite set SXJ={Q15, 
Q50, Q85}. Instead of entering the quantile speci?ers T1, T2, 
. . . , TL, the user may select from a list LQS of standard sets 

of quantile speci?ers, e.g., sets such as {50}, {33.3, 66.7}, 
{25, 50, 75}, {20, 40, 60, 80}. For eXample, selection of the 
speci?er set {20, 40, 60, 80} speci?es the ?nite set SXJ= 
{Q2O, Q40, Q60, Q80} based on the selected PDF. It may be 
advantageous to remind the user that the quantile speci?ers 
appearing in the standard sets of the list LQS are indeed 
speci?ers of quantiles. Thus, in some embodiments, the 
graphical user interface may display a character string of the 
form “QTl, QT2, . . . , QTL” to indicate each standard set {T1, 

T2, . . . , TL} of the list LQS. 

[0084] As yet another alternative, the user may specify the 
?nite set SXJ of attainable values for the planning variable XJ 
to be a set of the form {A+k(B—A)NS: k=0, 1, 2, . . . , NS} 
by (a) entering values A, B and NS. In this case the (NS+1) 
attainable values are equally spaced through the closed 
interval [A,B]. 

[0085] In the discrete combinations mode, the processor 
performs NDc iterations of steps 115 through 170 (of FIG. 
1), i.e., one iteration for each vector V=(X1, X2, . . . , XM) in 
the Cartesian product PC. Thus, in step 210 the processor 
generates a vector V=(X1, X2, . . . , XM) in the Cartesian 
product PC, Where XJ is an attainable value of the planning 
variable X]. 

[0086] In step 220, the processor eXecutes steps 115 
through 170 described above in connection With FIG. 1. The 
discussion of steps 115 through 170 refers to instantiated 
values of the planning variables. In the discrete combina 
tions mode, the instantiated values of the planning variables 
are the values X1, X2, . . . , XM. The planning variables are not 

interpreted as random variables in the discrete combinations 
mode. 

[0087] In step 230, the processor determines if all vectors 
in the Cartesian product Pc have been visited. If all vectors 
in the Cartesian product PC have not been visited, the 
processor returns to step 210 to generate a neW vector (i.e., 
a vector that has not yet been visited) in the Cartesian 
product PC. 

[0088] If all the vectors in the Cartesian product PC have 
been visited, the processor continues With step 240. In step 
240, the processor may perform computations on the itera 
tion data sets stored in the memory medium, and display the 
results of said computations. For eXample, the processor 
may compute and display a histogram of net present value. 
As another eXample, the processor may display a collection 
of graphs, each graph representing economic return versus 
time for a corresponding iteration of steps 210 and 220. The 
collection of graphs may be superimposed in a common 
WindoW for ease of comparison. 

[0089] FIG. 3 illustrates one set of embodiments of the 
computational method operating in the sensitivity analysis 
mode. 
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[0090] In step 305, the processor may provide a system of 
one or more graphical user interfaces through Which the user 

may specify a ?nite set of attainable values (or realiZations) 
for each planning variable. Let X1, X2, X3, . . . , XM denote 
the planning variables. After having performed step 305, 
each planning variable XJ Will have been assigned a ?nite set 
SXJ of attainable values. 

[0091] Let Pc denote the Cartesian product of the ?nite 
sets SXJ for J=1, 2, . . . , M. Let LJ denote the siZe (number 
of elements) in ?nite set SXJ. An element of the Cartesian 
product is a vector of the form (X1, X2, . . . , XM), Where XJ 
is an attainable value of the planning variable X]. 

[0092] In step 307, the user may specify a base value BJ 
for each planning variable XJ from the ?nite set SXJ. 

[0093] In step 310, the processor may initialiZe a variable 
counter J to one. 

[0094] In step 320, the processor may access a value 
XJ(K) for the planning variable XJ from the ?nite set SXJ. All 
other planning variables XI, I#J, are maintained at their base 
values, i.e., XI=BI. IndeX K may be initialiZed (e.g., to one) 
prior to step 320. 

[0095] In step 330, the processor eXecutes steps 115 
through 170 described above in connection With FIG. 1. The 
discussion of steps 115 through 170 refers to instantiated 
values of the planning variables. In the sensitivity analysis 
mode, the instantiated values of the planning variables are 
the values X1, X2, . . . , XM. 

[0096] In step 340, the processor determines if all the 
attainable values of the ?nite SXJ have been visited. If all the 
attainable values of the ?nite set SXJ have not been visited, 
the processor may increment the indeX K (as indicated in 
step 341) and return to step 320 to access a neXt value for the 
planning variable XJ from the ?nite set SXJ. 

[0097] If all the attainable values of the ?nite set SXJ have 
been visited, the processor may continue With step 350. In 
step 350, the processor may determine if the variable count 
J equals M. If the variable count J is not equal to M, the 
processor may increment the variable counter J and reini 
tialiZe the indeX K (as indicated in step 355) and return to 
step 320 to start exploring the neXt planning variable. 

[0098] If the variable count J is equal to M (indicating that 
all the planning variables have been eXplored), the processor 
may continue With step 360. In step 360, the processor may 
perform computations on the iteration data sets stored in the 
memory medium, and display the results of said computa 
tions as described above in connection With FIGS. 1 and 2. 

[0099] The computational method includes an iteration 
loop that eXecutes a number of times until a termination 
criteria is achieved. In FIG. 1, the iteration loop is repre 
sented by steps 110 through 185. In FIG. 2, the iteration loop 
is represented by steps 210 through 230. In FIG. 3, the 
iteration loop is represented by steps 320 through 355. 

[0100] In some embodiments, the processor may operate 
on the one or more geocellular reservoir models Which have 
been supplied as input in order to generate neW geocellular 
reservoir models scaled to a target resolution (or set of target 
resolutions). These neW geocellular models may be used in 
the iteration loop instead of the originally supplied geocel 
lular models. The scaling operation may be used to scale 




























